The Sensititre system provides antibiotics dried in microtitre trays in appropriate concentrations for the determination of minimum inhibitory concentrations (MIC) when organisms are added in liquid culture medium and incubated overnight. Results with a variety of mediafor Gram-negative bacilli tested with ampicillin, carbenicillin, cephaloridine, and gentamicin, staphylococci with penicillin, cloxacillin, fusidic acid, and gentamicin, and streptococci with penicillin, ampicillin, cephaloridine, and erythromycin-were usually very similar to those of agar dilution tests. Discrepant results were found in a few situations, and in some cases, especially those involving borderline resistance to fusidic acid and gentamicin among staphylococci and Gramnegative bacilli, we have been unable to suggest modifications to produce the right results. Despite these problems, fortunately few and identifiable, we recommend the system especially for use in laboratories that determine the MICs infrequently.
Most microbiologists in Britain consider that disc tests are adequate for routine antibiotic sensitivity testing and that the determination of minimum inhibitory concentrations (MIC) is rarely required. However, most would also like to determine MICs sometimes, for example, on organisms isolated from the blood of patients with endocarditis or from infections that fail to respond to treatment, and also on organisms that give equivocal results with a disc test. Unfortunately, the fact that MICs are required infrequently often results in their not being done at all because the essential skill, experience, or time are not available.
In this context, a commercial source of microtitre trays with wells containing appropriate amounts of dehydrated antibiotics, stable at room temperature and requiring only the addition of inoculated broth followed by incubation-the Sensititre system (Seward Laboratories)-was of considerable interest.
We decided to assess it with the needs of the diagnostic laboratory in mind.
Material and methods
Each Sensititre tray contained 10 doubled dilutions of four antibiotics in duplicate, with two drug-free control wells, so that in clinical practice a control Received for publication 7 December 1977 bacterium could be included in the investigation of each strain. There were three trays. The first, for Gram-negative bacilli, contained ampicillin, cephaloridine, and gentamicin in a range of concentrations from 16 to 0'03 mg/l and carbenicillin from 256 to 0-5 mg/I. The second tray, for staphylococci, contained penicillin, cloxacillin, sodium fusidate, and gentamicin in concentrations from 8 to 0-015 mg/L.
At the end of the major part of the study it became clear that the range of concentrations was not always optimal. New ranges were then prepared and given limited assessment. For Gram-negative centration of antibiotic in the Sensititre system but the lowest concentration) but somewhat higher by were much more sensitive by the agar-dilution Sensititre (first column, Sensititre concentrations 2 method. Of the 47 results that differed by more than and 3, Table 2 ). Almost all the organisms in this two dilutions in this row, 46 came from determina-group with Sensititre MICs of 003 mg/l (concentrations of the sensitivity of staphylococci to penicillin, tion 2 in Table 2 ) and above, and all those with as is shown in Table 3 . A second example is seen higher Sensititre MICs, were streptococci, and the among organisms with MICs ranging from concen-most extreme discrepancies were seen with ampicillin trations 3 to 7 in Table 2 by the agar method, but (Table 3) . more than two concentrations higher by Sensititre. In a few cases Sensititre results were lower than Of 58 discrepant results, 52 were again w th staphylo-those from agar dilution. Only 17 organisms that cocci, and the antibiotic in the case of the more appeared very sensitive by Sensititre had higher agar extreme discrepancies was again penicillin in con-dilution MICs (row 1, solid medium concentrations 3 centrations of 006 to 1 mg/l (concentrations 3 to 7 and 4, Table 2 ). These discrepancies were seen with for this antibiotic). The low overall correlation Staph. aureus tested with fusidic acid and with colicoefficient for MICs for staphylococci (066, Table 1 ) forms tested with carbenicillin. Very few organisms reflects these discrepancies. A final area of major appeared highly resistant by agar dilution and more discrepancy was seen among results for 55 organisms sensitive by Sensititre (penultimate column, conthat were very sensitive by the agar method (below centrations 8 and 9, Table 2 ). Very few discrepancies could be associated with particular media. The finding that carbenicillinsensitive Gram-negative bacilli were more sensitive by Sensititre than by agar dilution did not apply to MH media. On the other hand, two staphylococci appeared resistant to cloxacillin with MH media but not with the others. The sensitive staphylococci that appeared relatively resistant to gentamicin did so mainly on DST but not at all on WST and Isosensitest. It is of interest that these latter were incubated at 300C.
There was some evidence of instability of the antibiotics after three months' storage at room temperature. In 84 comparisons of immediate and delayed use, 46 agreed in that MICs were within one concentration above or below the original; a further 26 gave results two to three concentrations above. In 11 comparisons, 10 of them with Gram-negative bacilli and either ampicillin, carbenicillin or cephaloridine, MICs were more than five concentrations higher.
There was some evidence that storage of plates at -20'C might give better results. Tests on stored plates for 32 streptococci were, with only three exceptions, within one concentration of the original MIC.
To assess the reproducibility of results MICs were determined 50 times each for Streptococcus faecalis on three batches of plates; for E. coli NCTC10418 on five batches of plates; and for Staph. aureus (Oxford) on four batches of plates. Results were all within one concentration of the modal result for Strep. faecalis and penicillin, ampicillin, and erythromycin (the organism grew in all concentrations of cephaloridine); for E. coli with ampicillin, cephaloridine, and gentamicin; and for Staph. aureus with penicillin, cloxacillin, fusidic acid, and gentamicin. In three of the 50 tests with E. coli and carbenicillin results were two concentrations less than the modal MIC, but the rest fell within one concentration.
In a limited assessment of trays with revised ranges of antibiotic concentrations the higher concentrations of ampicillin, carbenicillin, and cephaloridine in the Gram-negative trays were most useful in providing convincing evidence that an organism was resistant where previously no decision could be made on borderline organisms. The main usefulness of the extra low concentrations in the staphylococcal and streptococcal trays was in enabling us to use the Oxford staphylococcus as a control organism. Previously it often failed to grow in any of the concentrations and was thus unsuitable. In addition, a more accurate determination of the low MICs of some streptococci was now possible.
The addition of salt to cloxacillin and the use of heavy inocula (6-hour broth culture diluted 10-fold) enabled us to detect resistance. There was still a problem, however, as the dried salt tended to 'jump' out of the wells when the seals were removed.
Discussion
Our experience with the Sensititre system suggests that it is robust and simple to use, versatile in that the dilution medium appears to make little difference, and accurate in that results are reproducible and compare well with those determined by agar dilution, allowing for the fact that liquid dilution systems usually produce slightly higher MICs than do agar dilution systems. The system can be adapted for the determination of bactericidal concentrations, but we have not studied this. However, several problems, some of them already solved, deserve attention.
It is particularly unfortunate that the streptococci, for which MICs are probably most often required, did not grow well in the system. The addition of serum, particularly to nutrient broth which seemed the best medium in our hands, helped but by no means solved the problem. A further search for a better medium is still required.
Problems of inoculum size also remain. We used the inoculum of 106 cfu/ml recommended by the manufacturers, and this gave results comparable with those determined on solid medium. However, we failed to distinguish between some penicillinasepositive and penicillinase-negative staphylococci and we failed to detect methicillin-resistant staphylococci. The same problem might have been predicted with erythromycin-resistant staphylococci, but we did not experience it. An increase in inoculum size resulted in considerable improvement in results with penicillin and cloxacillin, and added sodium chloride improved results with cloxacillin still further. Incubation at 30'C did not yield convincing results in a few tests in which we used small inocula. However, a larger inoculum was unsuitable for other antibiotics.
We have no clear explanation of our difficulties with borderline resistance to fusidic acid among staphylococci and borderline resistance to gentamicin among staphylococci and Gram-negative bacilli. Results in all cases tended to be lower with the Sensititre system, making detection more difficult. It seems possible that inoculum size might influence these results, but we did not study the problem further.
The new ranges of antibiotic concentrations that we suggested were much more suitable than the original; they used all the available wells, leaving only one antibiotic-free control, and thus allowed an extension of the range of concentrations. A downward shift enabled us to use the Oxford staphylococcus as a control for Gram-positive organisms, and an upward shift enabled us to detect resistance more convincingly among Gram-negative organisms.
Our final reservation about the system concerns shelf life. All MICs tended to increase when 3-monthold trays kept at room temperature were used, but in some cases, largely among Gram-negative bacilli, results were highly misleading. On the basis of only a few tests, it seemed that storage at -20'C might improve this.
None of the problems that we encountered seems insoluble given further study, and none of our reservations changes our original conclusion as to the potential usefulness of the system, particularly in a busy diagnostic laboratory that only infrequently determines MICs. 
